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}qj¦ŁjcZU[{jlWmSﬃac+E&DDj ¦[{DkCz{[|E=Q S\ACE%E¥R[^QTµ
SUE&Wqp&EJaljp&alWqQnSUjlW_S
C2
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||u− uH ||1,p ≤ C2H
λ
p(β−α)
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λ = 2
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||u− uhH ||1,p ≤ C1h
2(α+1)
pβ
α
β−1 + C2H
2
p(β−α) .
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p = 2
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α = 1
jcWqo
β = 2
	eËWﬁSUAC[{Qp&jmQnEm} 2(α+ 1)
pβ
α
β − 1
= 1
jlWqo 2
p(β − α)
= 1
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α = 0
}RS\ACEkqZ\EV_[{alX-Q	jcWqjlz|ORQ\[{Qﬃ[^Q	WCaz{alWCmE&Z
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α ≥ 0
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||u− uhH ||1,p ≤ C1h
2(α+1)
pβ
1
β + C2H
2
p(β−α) .
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ESX-Q¡alz{z{aŁ£ SUACE;kCZUaPacac@ﬃACEValZUE&D §jlWqo¡aRpXqQalW
W
[{WqQTSUEVjmoal
a
 hHQS\ACEªpamWmSU[|WPXC[|STO
kqZ\amk-EVZnSTO    [{D kqz|[{EVQ
|W (y, ξ2)−W (y, ξ1)| =
∣∣∣∣∣
∫ |ξ2−ξ1|
0
a(y, ξ1 + t
ξ2 − ξ1
|ξ2 − ξ1|
)dt
∣∣∣∣∣
≤ C|ξ2 − ξ1|(1 + |ξ1|
p−1 + |ξ2 − ξ1|
p−1)
≤ C|ξ2 − ξ1|(1 + |ξ1|
p−1 + |ξ2|
p−1),
?uCGÑpVjcW-EZUE&kqz{jmpEVoPO
∣∣∣∣
∫
Ω
Whomog(∇v) −W
h(∇v)
∣∣∣∣ ≤ Chsλ/p(1 + ||∇v||p−10,p ), 6vc 
6vl~ PO
∣∣∣∣
∫
Ω
Whomog(∇(u
h
H + u¯))−W
h(∇(uhH + u¯))
∣∣∣∣ ≤ Chsλ/p(1 + ||∇u¯||p−10,p ), 6vmu
jlWqo »vFB Ñ_O
∣∣∣∣
∫
Ω
Whomog(∇(uH + u¯))−W
h(∇(uhH + u¯))
∣∣∣∣ ≤ Chsλ/p(1 + ||∇u¯||p−10,p ). 6vlv 
eËWqEV]_Xqjcz{[|STO »vmv  [^QdjoR[{Z\E=pSJp&alWqQ\EV]_XCEVWqpE%alSUACEp&alW_S\ZUalz1al
Whomog −W
h p&z|a_QnE%SUaS\ACED[{WC[{Dj
amW
VH
al
Whomog
jcWqo
W h
4
∣∣∣∣infv
{∫
Ω
Whomog(∇(v + u¯))
}
−
∫
Ω
W h(∇(uH + u¯))
∣∣∣∣ ≤ Chsλ/p(1 + ||∇u¯||p−10,p ),∣∣∣∣infv
{∫
Ω
W h(∇(v + u¯))
}
−
∫
Ω
Whomog(∇(u
h
H + u¯))
∣∣∣∣ ≤ Chsλ/p(1 + ||∇u¯||p−10,p ).
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ahomog
6@ﬃACE&amZ\EVD Bd[{W @ wlv'D jcz{z|aŁ£dQ
SUapalW-pz{XqoRE?4Q\[{WqpE
uH
[{Qdj D[{WC[|D[{&EVZ	ac
∫
Ω
Whomog(∇(u¯+ ·))
amW
VH
jlWqo
uhH ∈ VH
}
∣∣∣∣
∫
Ω
Whomog(∇(uH + u¯))−Whomog(∇(u
h
H + u¯))
∣∣∣∣
≥ c(1 + ||∇(uH + u¯)||0,p + ||∇(u
h
H + u¯)||0,p)
p−β ||∇uH −∇u
h
H ||
β
0,p
≥ c||∇uH −∇u
h
H ||
β
0,p.
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α = 0
jlWqo
β = p
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jlWqoS\ACEVW
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B(u, r¯)
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JN,h(v + u¯)dx | v ∈ VΩ,H
}
,
6v
 

¡amZ
N
jlWqo
h
C¥REVo1}qXqQn[{WC S\AqEWCacS)jŁS\[{alW 6wl~ Ëµﬀ?wB 
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JN,h
[{Qdp&alW_S\[{WPXCalX-QÑamW
W 1,p(Ω)
}
JN,h(v) →
∞
£	AqE&W
||v||1,p →∞
jlWqo
VΩ,H
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v ∈ VΩ,H
}
∫
Ω
∂WN,h
∂ξ
(∇(u+ u¯)) · ∇v = 0.
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Z\E=jloCQH4qWqo
un+1
QnXqp)AS\A-jŁSﬃ¡alZ
jlz|z
v ∈ VΩ,H
}
∫
Ω
(∂WN,h
∂ξ
(∇(u¯+ un)) +
∂2WN,h
∂ξ2
(∇(u¯+ un)) · (∇un+1 −∇un)
)
· ∇v = 0,
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∂ξ
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∂ξ2
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I : M3(R)×W
1,p
# ((0, N)
3) → R
(ξ, φ) 7→
∫
(0,N)3
W (y, ξ +∇φ(y))dy,
jlWqo
{ψi}i
-Ej qjmQn[^Qﬃac
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max
{
|
∂W
∂ξ
(x, ξ)|, |
∂2W
∂ξ2
(x, ξ)||
∂3W
∂ξ3
(x, ξ)|
}
≤ C(1 + |ξ|p)
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VN,h ⊂W
1,∞((0, N)3)
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I ∈ C3(M3(R)× VN,h,R)
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hJQ
∇ψ ∈ L∞((0, N)3) = L1((0, N)3)′
jlWqo ∂W
∂ξ
(y, ·)
Q\E&WqoqQ
Lp((0, N)3)
amW
L1((0, N)3)
SUAqjcWq©PQ SUa ﬃG B } E&DDjw[{DkCz{[|E=QﬃS\AqjcS	¡alZdjlz|z
ψ ∈ VN,h
jcWqo
ζ ∈M3(R)
}
χ 7→
∫
(0,N)3
∂W
∂ξ
(y, ζ +∇χ) · ∇ψ
[^Q	pamW_S\[{W_XqalXqQﬃamW
VN,h

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ψ ∈ VN,h
jlWqo
ζ ∈M3(R)
}
σψ,ζ
[{Q	oCEqWCE=o_O
σψ,ζ : (t, y) 7→
1
t
(
W (y, ζ +∇χ(y) + t∇ψ(y)) −W (y, ζ +∇χ(y))
)
.
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ζ +∇χ(y)
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∇ψ(y)
[^Qﬃl[{lEVWPO
lim
t→0
∫
(0,N)3
σψ,ζ(t, y)dy.
`am[|W_ST£	[^QnEm}
lim
t→0
σψ,ζ(y, t) =
∂W
∂ξ
(y, ζ +∇χ(y)) · ∇ψ(y)

hJQ
W (y, ·)
[{Q
C1
}R¡amZdjcz{z
t ∈ (0, 1)
SUACE&ZUE%E¥R[{QnSUQ
θ ∈ (0, 1)
Q\Xqp)AS\AqjcS
σψ,ζ(y, t) =
∂W
∂ξ
(y, ζ +∇χ(y) + θ∇ψ(y)) · ∇ψ(y).
GJQn[{WC ﬃGB }
σψ,ζ(y, t)
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(y, t) 7→ C(1 + (|∇χ(y)| + |∇ψ(y)|+ |ζ|)p)||ψ||1,∞.
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∂I
∂φ
(ζ, χ) · ψ =
∫
(0,N)3
∂W
∂ξ
(y, ζ +∇χ) · ∇ψ.
ﬃGlw
MR[|D[{z{jlZ\z{Ol}
∂I
∂ξ
(ζ, χ) =
∫
(0,N)3
∂W
∂ξ
(y, ζ +∇χ) · Id,
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